ABSTRACT
RESUMO

O objetivo deste estudo foi avaliar quatro testadores de milho quanto à capacidade de identificar linhagens superiores em testcross. Os quatro testadores avaliados são cultivares com base genética ampla (variedades de polinização aberta) e estreita (híbridos simples) e dois tipos de grãos (duro e dentado). Os testadores SynD e SynF são populações de milho de polinização aberta com grãos dentados e duros, respectivamente, e FSH e DSH são híbridos simples com grãos duros e dentados, respectivamente. O testador SynD possibilitou a maior expressão de variância genética entre os cruzamentos com as linhagens. A capacidade geral de combinação (CGC) das linhagens e a capacidade específica de combinação (CEC) entre linhagens e testadores foram significativas, enquanto que os efeitos de CGC dos testadores foram não significativos. Concluiu-se que os testadores SynD e SynF mostram-se adequados para identificar linhagens com maiores efeitos de GCA e é possível identificar novas linhagens com alto potencial heterótico com cada um dos quatro testadores utilizados.
INTRODUCTION
High maize yield can be obtained by crossing of two parents that show high heterosis in hybrid combinations (CARENA & HALLAUER, 2001; GUIMARÃES et al., 2007; MIRANDA et al., 2008) and with the choice of adequate cultivars aiming to capitalize genotype x environment interaction (FRITSCHE-NETO et al., 2010a; FALUBA et al., 2010) .
The diallel matting can be used in maize breeding programs to identify parents with high favorable alleles frequencies and greater heterosis patterns in crosses (SILVA et al., 2003; PATERNIANI et al., 2008; CHAVES et al., 2008) . Various methods of diallel analysis are used to determine genetic parameters of the parents, helping breeders to choice appropriated 771 Performance of testers with different genetic structure for evaluation of maize inbred lines.
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testers (MIRANDA FILHO & VENCOVSKY, 1999; PFANN et al., 2009; OLIVEIRA et al., 2011) .
In maize breeding programs is essential to select appropriate testers that correctly classify specific and general combining abilities (SCA and GCA) of inbred lines to produce hybrids with high yield potential for seed market exploitation, even for wide recommendation (DEITOS et al., 2006) or for specific environments such as soils with low availability of nitrogen (SOUZA et al., 2010) , low phosphorus (FRITSCHE-NETO et al., 2010b) and aluminum toxicity (CANÇADO et al., 2002) .
Testers have been used in maize breeding programs to form heterotic groups, assess the combining ability and to identify superior hybrid combinations. In addition, information about performance and combining ability of lines can be useful to further selection in early generations, with a good prediction of performance in advanced generations. GUTIÉRREZ-GAITAN et al. (1986) , VASAL et al. (1992) and LI et al. (2007) emphasized the importance of testers; therefore, the success of a maize breeding program depends on the choice of the most appropriated testers to select superior lines with a significant reduction of costs and labor.
Ideal testers should allow great expression of genetic variability in their progeny (RUSSELL, 1961) . Moreover, recessive homozygous lines and populations with low frequency of favorable alleles should be successful testers in plant breeding programs, because new lines with high frequency of favorable genes could be better identified by using that kind of testers (SMITH, 1986; HALLAUER et al., 2010) .
On the other hand, the use of testers with a high frequency of favorable alleles allows identifying the best crossings, the ones with the highest specific combining ability with those testers. In this situation, the testers should be the best elite-lines of the breeding program, one of dent and other of flint heterotic groups, for example: the two parental lines of a good commercial hybrid (HALLAUER & CARENA, 2009 ). So, new lines identified in superior crossings could become parents directly of commercial hybrids.
The objective of this study was to evaluate four testers with different genetic structures (single cross hybrids, with narrow genetic basis, and open pollinated varieties, with broad genetic basis) and different types of grains (flint and dent) for identification of superior inbreed lines in testcross.
MATERIAL AND METHODS
It was obtained 426 testcross hybrids, synthesized from crosses of four testers with a set of 162 inbred lines belonging to University Federal of Viçosa's maize breeding program, but only 45 lines were crossed with all the four testers. The testers used were: SynD and SynF, that are open-pollinated cultivars with dent and flint kernels, respectively, and FSH and DSH, that are single hybrids with flint and dent kernels, respectively.
A total of 441 treatments, comprising the 426 testcross hybrids and 15 checks, were evaluated in nine trials in 7x7 lattices with two replications. The experimental plot consisted of a row of four meters long with 0.90m spacing between rows, which six seeds per meter for a population 65,000 plants per hectare. The following traits were evaluated: male flowering (MF), female flowering (FF), plant height (PH, cm), final stand (ST) and grain yield (GY, kg ha -1
). Preliminary analyses of variance were carried out for each experiment. The joint analysis of experiments was performed after to check the homogeneity of variance of all traits. It was also used a hierarchical statistic model to test the effects of different groups of genotypes. For this analysis, the sums squares of treatments were partitioned into the sum of squares of testcross, testers, lines within each tester, checks and contrast between testcross hybrids and the checks. A Scott-Knott test was performed for all 426 testcross hybrids to grouping genotypes according to means of grain yield, using a significance level of 1% of probability.
It was evaluated the testcross hybrids obtained from crosses between two groups of parents (testers -group 1 and lines -group 2). Therefore, 11 partial diallel analyses were carried out for all combinations of testers with lines in common. The genetic effects were determined by partial diallels according to methodology of GRIFFING (1956) , adapted by GERALDI & MIRANDA FILHO (1988) . It was determined only for the trait grain yield. The genetic-statistic model used was: y ij = + g i + g j + s ij + ij , where: y ij = mean of the hybrid combination between the i th parent of group 1 (testers) and j th parent of group 2 (lines); = geral mean; g i = effect of general combining ability of the i th parent of group 1 (testers);g j = effect of general combining ability of the j th parent of group 2(lines); s ij = effect of specific combining ability between the parents i and j, of groups 1 and 2, respectively; ij = random error associated with the mean ij.
RESULTS AND DISCUSSION
In the combined analysis of trials, it was found that the effects of treatments (testcross hybrids µ µ ε ε Ciência Rural, v.42, n.5, mai, 2012. and checks) were significant for all traits that suggest the existence of genetic variability and the possibility of success in obtaining superior hybrids (Table 1) . The general average for grain yield was 9 524kg ha -1 , and the best testcross hybrid yielded 13 863kg ha -1 . The group of 15 checks showed grain yield mean equal to 11 367kg ha -1 and the 15best testcross hybrids showed grain yield mean of 12 730kg ha -1 . The effects of testers were not significant for GY and ST (Table 1 ). The effect of GY, MF, PH and ST were significant for inbred lines within each tester, indicating that the effects of lines were very important in the expression of genetic variability. These results also show that all testers allowed the expression of genetic variability since the lines were randomly sampled in their crosses which each tester.
The Scott-Knott test allowed the discrimination of three groups, among the 426 testcross hybrids, according to its grain yield mean. The first group was formed by the 326 best hybrids, which showed average grain yield ranging from 8 560 to 13 862kg ha ), male flowering (MF, days), female flowering (FF, days), plant height (PH, cm), and final stand (ST, plantas ha -1 ). These results from the partial diallel involving the four testers and the same 45 inbred lines showed no significant effect for testers' GCA (P>0.05) and significant (P<0.01) for GCA for lines and for tester x lines SCA. It means that additive and non-additive genetic effects (dominance and epitasis) were important in this genetic pool and that the lines have different performances according to the tester used. Thus, different lines can be selected according to the tester and promising hybrids can be synthesized crossing lines with complementary genetic pools, allowing best exploitation of heterosis, as suggested by HALLAUER et al. (2010) .
----------------------------------------------------Mean Square----------------------------------------------------
Similarly, to the diallel analysis performed for the 11 groups of crossings of lines by testers, it was only found significance to GCA for lines and to SCA for hybrid combinations. Although there were no significance to GCA for testers, FSH showed positive estimates in all seven partial diallel involved, with estimates ranging from 65.3 to 284.6. On the other hand, each one of the two dent testers showed only one positive, but of low magnitude, estimate for GCA (10.6 for SynD, and 82.8 for DHS), while de other six estimates were negative, ranging from -39.8 to -155.6 for SynD, and from -10.6 to -165.9 for DHS. It indicates that these dent testers have low frequency of favorable alleles Ciência Rural, v.42, n.5, mai, 2012. ) for 45 maize lines for each tester, and mean testers. Ciência Rural, v.42, n.5, mai, 2012.
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for GY in comparison with FSH. SynF tester showed three positive estimates for CGA (from 7.1 to 117.5) and four negative estimates (from -65.3 to -103.9). Therefore, hybrids with different heterosis patterns can be formed when lines are selected by testers with divergent estimates of GCA and less agreement in ranking the lines. SynD tester showed the greatest genetic variance for testcrosses among the four testers (Table 3) , and the same trend occurred for lines/tester mean square estimates (Table 1) . For these reasons and also for its negative GCA estimates, SynD is probably the best tester to discriminate these groups of inbreed lines. Furthermore, this tester showed greater concordance in ranking the top lines with average of the four testers, because among its 15 best testcross, eight of those lines were also higher in the general classification for all testers (Table 3) . SynF was able to select seven of the best lines in the upper 15 testcross ranked by all testers, while DSH and FSH, selected six and four lines, respectively. Only two lines were selected in common by SynD and SynF, and this could be a consequence of the different types of grain between SynD and SynF, that are traditionally referred as divergent and complementary heterotic groups. So, it can be inferred that this pair of testers can be used to select lines, assessing genotypes with high general combining ability and, simultaneously, arranging them in complementary heterotic groups. The correlation of ranking between the lines classification by different testers were of low magnitude, ranging from 0.29 (FHS and DHS) to -0.13 (SynD and FHS), but some lines showed superior performance with all the testers (Table 3) . Lines 4 and 26, for example, were among the top ten testcross hybrids to three testers and lines 23, 24, 122, 32 and 40 for two testers. This shows that these lines have good general combining ability and, probably, all non-related testers should be able to identify them. Furthermore, it was possible to identify lines that had high SCA estimates with each tester used. The high genetic variability observed in the testcross hybrids, the low frequency of favorable alleles and the high concordance in lines classification with the average of other testers are desirable characteristics for a good maize tester. Therefore, SynD was better suited to inbreed line selection with high frequency of favorable alleles, and SynF can be usefull as a complement tester with SynD, to arrange selected lines in two heterotic group.
CONCLUSION
It was concluded that SynD and SynF testers are adequate to identify inbreed lines with high GCA effects and arrange selected lines in two heterotic groups in the maize breeding program, and it's possible to identify new lines with high heterotic potential in each one of the four testers.
